ABSTRACT Background: Relatively little is known about changes in eating behavior or hormonal responses to food following bariatric surgery in adolescents.
INTRODUCTION
In recent years, the number of laparoscopic adjustable gastric band (LAGB) 4 procedures performed on adolescents has significantly increased (1) . Along with physical restrictions on food intake, some hypothesize that changes in the release of hormones affecting appetite and energy homeostasis occur following LAGB (eg, 2, 3). Among adults, several prospective studies before and after LAGB (3) (4) (5) (6) (7) or LAGB and vertical banded gastroplasty (2, 8) observed significant short-and long-term changes for fasting concentrations of leptin (2) (3) (4) (5) (6) (7) (8) , ghrelin (2, (4) (5) (6) (7) , and meal-related AUC for peptide YY (PYY) and ghrelin (5) . However, some discrepancies have been noted within and across studies (eg, references 3, 5, 6) , which may relate to sample size, time to follow-up, divergent hormone assays, differing amounts of weight lost, weight regain over time, or other participant characteristics. To date, no published study has evaluated changes in appetitive hormones following surgery in younger patients. It is not clear if initial or postoperative hormonal profiles differ in younger and older individuals receiving restrictive bariatric procedures, but it is important to evaluate whether developmental differences affect appetitive hormones. Converging evidence suggests differences between obese adolescents and adults, with adolescents with type 2 diabetes not responding as well to antidiabetes medications as adults (9) ; adolescents receiving LAGB exhibiting significantly fewer obesity-related medical conditions compared with sex-and BMI-matched adults (10) ; and adolescents demonstrating better metabolic outcomes postbariatric surgery (11) , indicating that adults experience "metabolic and pancreatic abnormalities [that] are less likely to completely resolve" (12) .
The use of a laboratory setting to measure eating behavior before and after LAGB provides important information about changes in intake resulting from surgery and offers improved experimental control, an objective quantification of meal consumption, and standardizes hormone measurements and food provided to participants. To our knowledge, no prior studies have conducted a detailed objective assessment of eating behavior together with hormonal analyses in adults or adolescents receiving bariatric surgery.
Thus, the purpose of the current study was to objectively measure eating behavior, characterize eating-related perceptions, and examine meal-related hormones among severely obese adolescents enrolled in a bariatric surgery program compared with nonoverweight youth. Because relationships among laboratory eating behavior, appetitive hormones, and subsequent surgical outcomes (eg, weight loss) may inform the selection of surgical candidates or the development of pre-or postoperative interventions, we also aimed to evaluate changes in laboratory eating and appetitive hormones after LAGB. We hypothesized that compared with nonoverweight control participants, preoperative bariatric surgery candidates would: 1) demonstrate abnormalities in the release of meal-related hormones in a singleitem breakfast meal (eg, diminished postmeal PYY, smaller postmeal decline in ghrelin), 2) consume more energy during a multi-item ad libitum lunchtime meal, and 3) report greater hunger and desire to eat and less fullness at both meals. Further, we hypothesized that abnormalities in appetitive hormones and eating behavior would significantly improve following surgery, and from previous research (4-7), we hypothesized that changes in meal-related hormones would correlate with weight loss among patients receiving LAGB.
METHODS

Subjects
Participants were nonoverweight adolescents from the community and severely obese adolescents planning to undergo LAGB at the Center for Adolescent Bariatric Surgery (CABS) of the Morgan Stanley Children's Hospital of New York Presbyterian/Columbia University Medical Center (CUMC).
The general eligibility criteria for the CABS program included: 1) age 14-17 y at enrollment; 2) BMI (in kg/m 2 ) $40 or $35 with serious comorbid conditions (eg, type 2 diabetes, hypertension, sleep apnea); 3) Tanner pubertal stage 4 or greater and past the point of peak height velocity (13, 14) ; 4) skeletal age at least 13 1/2 for girls and 14 1/2 for boys; 5) $5 y history of obesity with failed attempts at weight loss $1 y and followed monthly at CUMC by the surgical and nutrition staff for 3-6 mo; 6) for females, appropriate contraception and denial of plans to become pregnant during the postoperative year; 7) absence of medical contraindications for surgery, and 8) no current self-induced vomiting. Evaluation of eligibility for the CABS program occurred during preoperative visits with surgery, endocrinology, nutrition, and psychiatry staff.
Nonoverweight control adolescents were required to be between the ages of 12 and 19 y with a weight between the 25th and 85th percentile by the CDC BMI-for-age and sex growth charts (15) . Control and CABS adolescents were excluded from the current study for pregnancy, a current or past diagnosis of a pervasive developmental disorder, schizophrenia, bipolar disorder, substance use disorder, a clinically significant medical condition that could interfere with study procedures (eg, cardiovascular disease), and food allergies to any of the foods provided as part of the study. Control adolescents were also excluded for current use of weight loss or psychiatric medications or medications known to affect weight, eating, or metabolism; a current or past diagnosis of major depressive disorder or anorexia or bulimia nervosa; and type I or II diabetes.
Procedures
Nonoverweight adolescents were initially screened by phone, and those eligible were subsequently scheduled for an in-person evaluation at the Columbia Center for Eating Disorders at CUMC. The in-person screening for eligibility included obtaining written assent and consent from adolescents and parents, respectively, a clinical interview with a psychologist or psychiatrist, and a physical assessment (measure of height and weight and vital signs, serum chemistries, pregnancy test for females). Community adolescents were recruited to have a similar age, gender, and ethnic distribution to that observed with the CABS sample. As part of the routine procedures for the CABS program, all adolescents considering LAGB completed a clinical interview with a psychologist or psychiatrist (16) .
Assessment of eating behavior and meal-related hormones
Participants completed 2 standardized meals on one test day after an overnight fast at the Biological Studies Unit or Children's Day Unit of the CUMC: one fixed-size, single-item breakfast meal followed by one ad libitum, multi-item lunchtime meal. The single-item breakfast meal consisted of chilled Optifast (474 mL, 320 kcal, 50% carbohydrate, 35% protein, 15% fat; Novartis), which was expected to be consumed in its entirety within 5 min at 0930 h after the placement of an indwelling intravenous catheter at 0915 h. Fasting concentrations of leptin, ghrelin, and PYY were measured 10 min before the start of the breakfast meal. At the start of the breakfast meal and 15, 30, 60, and 90 min after the meal, plasma concentrations of PYY and ghrelin and ratings on 15-cm visual analog scales (VASs) from "not at all" to "extremely" for hunger, fullness, desire to eat, and nausea were assessed. After the hormone collection, the intravenous catheter was removed, and participants were allowed to engage in quiet activities (eg, reading, watching TV/videos) while reclining on a hospital bed before a buffet lunch at 1300 h. Before the start of the multi-item test meal, additional VASs were administered. All adolescents were instructed to eat as much or as little as they would like without restricting. Adolescents consumed the multi-item meal while watching a video on a DVD player alone in a private room and were monitored via either a closed-circuit TV monitor or one-way mirror. Participants were aware that they were being monitored via TV for their safety and to ensure compliance with instructions.
The content of the meal was modeled on previous research with adolescents (17, 18) . The types and amounts of foods offered, information about the energy density of individual food items, the percentage of adolescents who chose each food item, and the average number calories of each food consumed across groups are listed in Table 1 . Average ratings of the foods and beverages provided in this meal from a food preference rating questionnaire were obtained (ie, reference 17). A final set of VAS forms was administered following the meal. Nutritionists at the Irving Institute for Clinical and Translational Research of CUMC weighed all foods before and after the multi-item meal and conducted a nutrient analysis of the amount consumed by using Nutrition Data System for Research Software (version 2009; Nutrition Coordinating Center, University of Minnesota).
TABLE 1
Type and amount of foods provided in the multi-item meal, DEDS for foods, percent eating individual foods, and mean kilocalories consumed among nonoverweight control adolescents (n = 10), all preoperative surgical candidates (n = 19), and pre-and postoperative completers (n = 11) As previously described (19) , a dietary energy density score, defined as caloric intake (kcal) divided by the total gram weight of food and beverages consumed, and a diet variety score (DVS), or the number of different foods and beverages consumed divided by the total number provided, can be calculated from multi-item meal records. A total of 11,342 calories were available in the meal [53.6% kcal from carbohydrate, 34.5% kcal from fat, 11.8% kcal from protein, total diet energy density score (DEDS) = 0.994]. Control adolescents were tested on one occasion. Adolescents planning to undergo LAGB were tested once preoperatively, and a subset of the adolescent candidates completed a second test day between 3 and 6 mo postsurgery. Additional BMI data were obtained from routine visits attended with the surgeon (JLZ) 6 and 12 mo postsurgery (height: Stadiometer model 216, Seca; weight: Body Composition Analyzer model TBF-310, Tanita). Participants were compensated for their time in participating in this study. The New York State Psychiatric Institute Institutional Review Board reviewed and approved this study.
LAGB
The LAGB procedure was performed under a Food and Drug Administration Investigational Device Exemption, and adolescents and their parent(s) provided written informed assent and consent to the surgeon for an institutional review board-approved study of LAGB. In brief, LAGB is a restrictive procedure where an adjustable synthetic device is placed at the proximal stomach below the gastroesophageal junction; the diameter of the band and the amount of gastric restriction can be altered by the injection of saline into a subcutaneous port (20) . During the first postoperative year, adjustments are routinely made by the surgeon based on weight loss at 6 wk and 3 mo and monthly thereafter.
Self-report and interview measures
Participants completed the Beck Depression Inventory [BDI (21)], Three-Factor Eating Questionnaire [TFEQ (22)], and an abbreviated version of the Eating Disorder Examination (23) that assessed conscious attempts to exert control over eating, loss of control over eating episodes (including objective and subjective bulimic episodes), and inappropriate compensatory behaviors (vomiting, laxatives, diuretics).
Hormone assays
Blood samples were collected in EDTA-coated tubes containing a protease inhibitor (aprotinin, 100 mL/mL blood), centrifuged for 15 min, and stored at 2808C. Duplicate assays were performed on each sample. Concentrations of total plasma PYY were evaluated with a commercial ELISA (Diagnostic Systems Laboratories) to measure PYY and PYY with a lower limit of detection of 12 pg mL 21 , and the CVs were 10.1% within and 10.3% between assays. Total plasma immunoreactive ghrelin was measured by a radioimmunoassay kit (Phoenix Pharmaceuticals) with a 125 Iiodinated ghrelin tracer and a rabbit polyclonal antibody against full-length, octanoylated human ghrelin that recognizes the acylated and des-acyl forms of the hormone. The Significant difference between normal-weight control participants and preoperative surgical candidates.
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lower limit of detection for this assay was 20 pg/mL and the CV was 8.5% within assays and 11.3% between assays. Leptin was measured with a human radioimmunoassay kit (LINCO Research) by using a 125 I-iodinated human leptin tracer. Plasma insulin was measured with the Immulite Analyzer with the lower limit of detection of 2 mIU/mL.
Data analysis
Statistical calculations were performed by using SPSS for WINDOWS software (version 18; SPSS). Nonoverweight control adolescents and all presurgery adolescent candidates were compared by using independent samples t tests, and surgical candidates who completed the study pre-and postsurgery were compared with paired samples t tests. Skewed distributions were log-transformed before analysis. A sample size of 10 participants per group provided 80% power to detect large differences (effect size = 0.8) between controls and presurgery candidates by using previous data on intake differences with the use of laboratory meal paradigms in adults (eg, reference 24). Data for the independent and paired samples t tests assumed equal variances unless otherwise indicated. Effect sizes (d) were calculated as the mean difference between the 2 groups being compared (eg, candidates completing both pre-and postsurgery testing) for a given variable divided by the mean SD of the 2 patient groups on that variable. The proportion of participants consuming specific foods and food groups (eg, complex carbohydrates) in the multi-item meal were compared with chisquares (control compared with preoperative candidate) and McNemar's test for correlated proportions (preoperative compared with postoperative candidates). The a level for all P values from the independent samples and paired t tests was divided by 2 in accord with the Bonferroni correction (P = 0.05/2 # 0.025). The AUCs for ghrelin and PYY were calculated by the trapezoidal rule, subtracting baseline ghrelin or PYY values. Similar AUC calculations were performed for VAS ratings of hunger, fullness, desire to eat, and nausea. Means and SDs for non-overweight control participants, all presurgery adolescent surgical candidates, and adolescents completing both pre-and postsurgery were calculated for intake of each food in the multiitem meal, VAS ratings over the whole course of the experiment, the BDI, and TFEQ. Other secondary factors were analyzed with Pearson's correlation coefficients (a = 0.025). One preoperative surgical candidate had PYY values .14 SDs above the mean compared with the entire preoperative group. The primary PYY analyses (fasting/AUC comparisons) were similar with and without this outlier, and data presented below reflect results with the outlier removed.
RESULTS
A Consolidated Standards of Reporting Trials (25) flowchart for recruitment is shown in Figure 1 . As illustrated in Figure 1 , more nonoverweight control adolescents and surgical candidates consented to participate in the study than eventually completed. This discrepancy is largely a result of logistical issues (eg, the necessity that procedures be conducted only on non-school days) and was particularly problematic for adolescents receiving bariatric surgery (36 consented, 21 studied). For candidates, consent was obtained before surgery was scheduled, and testing was restricted to the 3 mo before surgery. Nine adolescents who did not complete postoperative testing are included in analyses of preoperative data, because no significant differences were found between those who did and did not participate postoperatively for important demographic variables (age, BMI, ethnicity, sex), biological measures (fasting leptin, fasting ghrelin, fasting PYY, AUC ghrelin, AUC PYY), or behavioral measures (macronutrient consumption, total meal intake). All but one of the surgical candidates who completed an initial testing session received LAGB. Adolescent surgical candidates completed the 2 testing sessions (single and multi-item meals) on average 72. 4 
Demographic characteristics
Nonoverweight control adolescents had a significantly lower average BMI than all preoperative surgical candidates [21.27 6 1.72 kg/m 2 compared with 46.40 6 6.63 kg/m 2 , t (27) = 11.60, P , 0.001]. Adolescents preparing for surgery evidenced continued growth and development, with 16 (80%) of the 20 adolescents participating in this study before LAGB experiencing increases in height after entering the CABS program. No significant differences were found for control adolescents and all preoperative candidates for age, ethnicity, or sex. On average, controls were aged 15.4 6 2.0 y and all preoperative candidates were aged 16.2 6 1.0 y (P = 0.242). Thirteen participants (44.8%) were African American (6 controls, 7 candidates), 10 (34.8%) were Hispanic (1 control, 9 candidates), 4 (13.8%) were white (2 controls, 2 candidates), and 2 (6.9%) considered themselves of another ethnic background (1 control, 1 candidate). A total of 16 (84.2%) preoperative surgical candidates and 5 (50%) control adolescents were female.
Adolescents with both pre-and postoperative data lost 20.184 6 2.49 BMI units between completing the first testing session and undergoing LAGB. A significant decrease in BMI was noted for surgical candidates from the presurgery test day to the postsurgery test day [mean: 23.5 kg/m 2 ; t (11) = 4.89; P , 0.001], with an average percent weight change over this period of 7. 
Psychological characteristics
No significant differences were observed between total scores on the BDI between control adolescents and all presurgical candidates (mean 6 SD: 1.70 6 3.40 compared with 3.61 6 6.08, respectively). On the abbreviated Eating Disorder Examination, one nonoverweight adolescent reported experiencing HORMONAL RESPONSES AND TEST MEAL INTAKE one objective bulimic episode, and one preoperative candidate reported 4 objective bulimic episodes during the 3 mo before the study. All adolescents denied subjective bulimic episodes, selfinduced vomiting, and laxative or diuretic use in the 3 mo before completing the study. On the TFEQ, compared with control adolescents, all presurgical candidates had significantly lower scores on the disinhibition [controls: 23.00 6 1.56, candidates: 19.95 6 2.95; t (27) = 23.04, P = 0.005, d = 21.29] and hunger [controls: 20.70 6 1.57, candidates: 18.11 6 3.11; t (27) = 22.47, P = 0.020, d = 21.05] subscales, but no differences were noted for the restraint subscale. No significant differences were found for changes in total BDI scores or the disinhibition, restraint, or hunger subscales of the TFEQ among candidates completing testing both before and after surgery.
Single-item meal and hormone assays
Fasting hormone concentrations
All presurgery candidates had significantly higher fasting leptin and lower ghrelin compared with control adolescents ( Table 2) . Between control adolescents and all preoperative candidates, fasting PYY was not different. As displayed in Table 2 , from pre-to postoperative testing, fasting PYY decreased significantly among adolescents receiving LAGB. No significant relationships were found between the number of band adjustments received before postoperative testing or mean total fill (in mL) in the band at the second single-item meal and fasting concentrations of ghrelin, leptin, or PYY.
Meal-related ghrelin and PYY concentrations
The ghrelin and PYY data during the course of the single item test meal for: 1) non-overweight control adolescents, 2) all presurgery candidates, and 3) the subset of adolescents who completed testing both pre-and postsurgery are shown in Figures 2  and 3 .
The AUC for ghrelin was significantly lower in all preoperative candidates than in control participants, but significant differences were not found between controls and candidates for AUC for PYY (Table 2 ). After comparison of the control adolescents and all presurgery adolescent candidates, response to the single-item test meal was significantly different for ghrelin, with 25.3 and 13.5% maximal suppression, respectively [t (27) = 23.36, P = 0.002, d = 21.27], but postprandial PYY increase did not differ.
Among the 11 candidates completing both pre-and postsurgery testing, a trend with a large effect size was noted for differences in AUC for ghrelin ( postprandial PYY increase. The number of band adjustments received before postoperative testing and mean total fill (in mL) in the band at the second single-item meal were not related to AUC for ghrelin or PYY.
VAS ratings
The average VAS ratings for hunger, fullness, desire to eat, and nausea for control participants, all presurgery participants, and the surgical candidates with both pre-and postsurgery data are presented in Figure 4 . Analyses of AUCs found no significant differences between control adolescents and all preoperative surgical candidates. However, average VAS ratings for hunger [t (28) = 22.63, P = 0.014, d = 20.930] and desire to eat [t (28) = 22.91, P = 0.007, d = 21.14] were significantly higher in control adolescents compared with preoperative candidates. Ratings of fullness and nausea between controls and preoperative candidates did not differ during the course of the experiment. Among the adolescents completing the study before and after LAGB, a trend was observed for a greater AUC for nausea postsurgery compared with self-reported nausea presurgery [t (10) = 22.58, P = 0.027, d = 20.342], but no other significant differences were found for AUC or average VAS ratings.
Change in appetitive hormones and BMI
Correlations were calculated between change in appetitive hormone values (fasting ghrelin, leptin, and PYY; AUC ghrelin and PYY; maximum ghrelin suppression; postprandial PYY increase) and changes in BMI (between the pre-and postoperative meals, the preoperative meal, and the clinical visits 6 and 12 mo postsurgery). None of the 21 correlations were found to be significant.
Multi-item test meal
Significantly more presurgery candidates (94.7%) ate vegetables during the meal compared with nonoverweight control participants (60%) [x 2 (1) = 5.54, P = 0.019; Table 1 ]. There were no other significant differences in the consumption of other individual foods or food groups in the multi-item meal, average amounts consumed of specific foods, or ratings of liking for foods provided in the multi-item meal between nonoverweight control participants and all presurgery candidates. The consumption of individual foods or food groups did not change significantly from pre-to postsurgery. All presurgery candidates and control participants consumed w40% of the 33 food items provided, and postsurgery candidates consumed w27.2% of the available foods. Controls and preoperative candidates did not consume a different number of foods from the multi-item meal buffet; however, candidates decreased the number of foods consumed from pre-to postsurgery [mean: 11.82 6 1.60-9.18 6 1.72; t (10) = 6.10, P , 0.001, d = 1.59].
As shown in Table 3 , no significant differences were found between controls and all presurgery candidates for total energy, percent of energy from carbohydrates, fat, or protein consumed during the multi-item test meal, or DVS. A large effect size (d = 0.862) was noted for differences in DEDS between control adolescents and all preoperative candidates, but this comparison was not significant. Only postmeal nausea differed for adolescent controls and all presurgical candidates for pre-and postmulti-item meal VASs [controls: 0.058 6 0.068, mean 6 SD of
TABLE 2
Fasting hormone concentrations and meal-related hormones changes for nonoverweight controls (n = 9), all preoperative surgical candidates (n = 20), and surgical candidate completers (n = 11) pre-and postsurgery Paired t tests between surgical candidates completing testing both pre-and postsurgery.
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candidates: 0.245 6 0.296; equal variances not assumed: t(21.37) = 2.62, P , 0.016, d = 0.870].
As shown in Table 3 , candidates completing the meal before and after LAGB consumed significantly less energy [average difference: 444.56 cal] and chose to eat significantly fewer foods than in the presurgery test meal, but significant differences were not observed in the macronutrient composition or DEDS for the meals pre-and postsurgery. Scores on the pre-or post-multi-item meal VASs did not differ before or after surgery.
Correlations with test-meal consumption
A significant correlation was found among all candidates completing the presurgery multi-item test meal between BMI and total energy consumed, with greater consumption noted among candidates with the highest BMIs preoperatively (r = 0.573, P = 0.008). Among all adolescents completing preoperative testing, a moderate correlation was observed between intake in the first multi-item meal and AUC ghrelin from the first single-item meal (r = 0.412, P = 0.037).
For the candidates completing both multi-item meals, total intake was significantly related to pre-and post-LAGB (r = 20.700, P = 0.016). The number of band adjustments received before postoperative testing and the percent of calories from protein (r = 20.792, P = 0.004) consumed in the postoperative test meal were significantly related, with more band adjustments associated with consuming fewer calories from protein. A relation between percent of calories from protein and mean total fill (in mL) in the band at the second single-item meal was also noted (r = 20.687, P = 0.019). Band adjustments and average total band fill (in mL) were not related to percent of calories from carbohydrates or fat, total energy consumed, DEDS, or DVS. Moderate correlations were noted among adolescents who participated in both test meals and changes in test meal consumption (kcal postsurgery -kcal presurgery) and fasting PYY (r = 0.654, P = 0.029) and ghrelin (r = 20.418, P = 0.201), but these relationships were not significant. Similarly, change in meal consumption was not significantly associated with change in BMI between the 2 meals (r = 20.139, P = 0.685) or change in BMI at clinical visits 6 (r = 0.030, P = 0.930) and 12 mo (r = 0.169, P = 0.689) postsurgery.
DISCUSSION
In this study, we examined appetitive hormones and objective measures of eating behavior in obese adolescents who have been treated with LAGB. Abnormalities in some meal-related hormones were noted among candidates compared with nonoverweight control participants, with limited changes in these hormones after LAGB. Further, no differences were noted in total energy consumed during an ad libitum test meal between control adolescents and presurgical candidates, but intake decreased significantly after surgery among those treated with LAGB.
Factors specific to this study may explain why comparisons of changes in pre-to postoperative meal-related hormones showed patterns similar to extant research in adults (2-7) but failed to reach statistical significance. Developmental differences may account for some discrepancies with existing studies. For comparisons with moderate effect sizes, including pre-to postchanges in fasting leptin, fasting ghrelin, AUC for ghrelin, and AUC for PYY, the number of adolescents included in the study in combination with a conservative a (P # 0.025) may have affected our results in comparing appetitive hormones before and after surgery. In addition, power could have been affected by significant changes in BMI between preoperative testing and LAGB or the variability in weight outcomes among participants in this study (eg, range of BMI change from a loss of 8.2 to a gain of 0.66) or weight status, because at the time of the second test session, all but one of the adolescents who received surgery still had BMI .30.
Objective measures of eating behavior may potentially be useful in evaluating the impact of interventions such as bariatric surgery on subsequent outcomes. Adolescent candidates consumed significantly less energy following surgery and chose fewer foods from the multi-item buffet, yet they did not significantly reduce their consumption through choosing lower (210) and at the start of the breakfast meal (0) and 15, 30, 60, and 90 min after the meal. Independent samples t tests indicated that AUC for ghrelin was significantly different between controls and all preoperative surgical candidates (P = 0.017). Paired samples t tests for candidates completing both pre-and postsurgery test meals were not significant. ALL PRE-OP, all preoperative candidates (n = 20); CONTROL, nonoverweight control participants (n = 11); POST-OP COMPLETERS, candidates completing postoperative testing (n = 11); PRE-OP COMPLETERS, preoperative data for candidates also completing postoperative testing (n = 11). energy density items from the test meal. In adults, a diet characterized by limited variety in low-and high-fat food groups is associated with long-term weight loss maintenance (26) , and interventions have been developed to limit variety in an attempt to enhance weight loss (27) . It is possible that lower diet variety could also result in greater weight losses among adolescents, but in an extreme form could produce other complications in this population (eg, nutritional deficiencies in developing adolescents). An additional indication of the validity of this measure of eating behavior in this population is the significant relation between initial BMI and presurgery test meal intake.
Differences in intake were not found between control adolescents and adolescent candidates during the ad libitum meal, and a number of experimental and participant factors likely contributed to this finding. Some study procedures may have increased the artificiality of the laboratory setting in an adolescent population, including the relatively small liquid supplement breakfast, the time between meals without any eating (4 h), and the number and amounts of foods provided in the lunch meal. Adolescents typically consume w25% of daily energy during a lunch meal [males: 634.75 kcal; females: 455.25 kcal (28)], but a buffet effect may have increased consumption in both groups in this study beyond what would be predicted from a typical dietary pattern as in other laboratory studies of eating behavior [eg, 55-60% of total daily estimated energy needs (29) ]. Differences in age, sex, or racial-ethnic distribution compared with other studies providing this meal (18) or food intolerance following surgery could have affected preference for foods included in the meal. In addition, surgical candidates were tested 1-3 mo before surgery while enrolled in a comprehensive program that included monthly individual sessions with a nutritionist and a focus across disciplines (endocrine, psychiatry, surgery) on increasing healthy eating and physical activity. They were specifically counseled to increase their consumption of fruit and vegetables, decrease intake of caloric beverages, eat more slowly during meals to increase subjective feelings of satiety, and consume liquids and food separately. Candidates' scores on the TFEQ (eg, lower on the disinhibition subscale than controls) are consistent with attempts by the obese participants to follow the dietary guidelines prescribed by the surgical program. In the laboratory environment, where adolescent candidates knew that their eating would be observed by staff affiliated with the surgery program, demand characteristics to follow the recommendations of the nutritionist may have led to food consumption that is less typical of their natural eating behavior.
This study has several important strengths, including the direct measurement of food intake. Commonly used self-report measures of dietary intake (eg, prospective dietary food record, 24-h dietary recall) are subject to misreporting and errors in estimating energy and nutrient consumption (30, 31) . Evaluating eating behavior in a laboratory setting offers important advantages over self-report methods, including controlled conditions, direct observation, and increased accuracy. Further, measures of total intake, diet energy density, and macronutrient composition can be obtained in the laboratory by weighing foods before and after meals.
As aforementioned, this study was limited by sample size, the short duration of follow-up before the second test session, and potential artificiality related to the laboratory setting. Subjective measures collected as part of the study, like VAS ratings, may have been particularly affected by the small sample size. A comparison group of obese control adolescents who did not FIGURE 4 . VAS ratings (in cm) for hunger, fullness, desire to eat, and nausea during the single item test meal. Bars on either side of markers indicate SE of the measurement. X-axis values reflect VAS ratings 10 min before the start of the breakfast meal (210) and at the start of the breakfast meal (0) and 15, 30, 60, and 90 min after the meal. Independent and paired samples t tests identified no significant differences for any comparisons. ALL PRE-OP, all preoperative candidates (n = 20); CONTROL, nonoverweight control participants (n = 11); POST-OP COMPLETERS, candidates completing postoperative testing (n = 11); PRE-OP COMPLETERS, preoperative data for candidates also completing postoperative testing (n = 11); VAS, visual analog scale.
undergo surgery was not included in the study, and not all candidates who participated before receiving LAGB participated after surgery. At the time the study was conducted, only one bariatric procedure (LAGB) was available to adolescents in our program, and this could have resulted in a selection bias for our sample. None of the candidates had a diagnosis of type 2 diabetes, which is not common among adolescents receiving surgery in the CABS program (32) but does potentially limit the generalizability of the findings. Our sample of bariatric candidates may not have been entirely representative of the larger group of adolescents enrolled in the surgical program, because compared with a sample of 101 patients undergoing surgery (33) , participants in this study included a larger proportion of females with lower average ratings of depressive symptoms.
In conclusion, this study provides an important first step in examining appetitive hormones and objective measures of eating behavior among adolescents seeking and receiving bariatric surgery. Future research should evaluate changes in appetitive hormones and eating behavior among adolescents receiving other bariatric procedures and examine whether reductions in diet variety observed in a laboratory are predictive of weight loss after surgery. restrictive bariatric surgery, inconsistency between HOMA-IR and steady-state plasma glucose levels. Surg Obes Relat Dis 2010;6:340-4.
TABLE 3
Comparison of multi-item test meal intake and macronutrient composition between nonoverweight controls (n = 10), all preoperative surgical candidates (n = 19), and surgical candidate completers pre-and postsurgery (n = 11) Paired t tests between surgical candidates completing both pre-and postoperative testing. Mean 6 SD (all such values).
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